Abstract Because of emerging investigation modalities many of the thyroid lesions are picked up and that poses a big dilemma about management of such lesions. Majority of these lesions especially in iodine-deficient regions, are not significant and may be only followed up without any active treatment but, sometimes the small lesions may be microcarcinoma. This article discusses about the reliability of clinical examination of neck for detection of such lesions, the controversy of such lesion being benign or malignant, and how to evaluate these lesions and the recommendation as per American Thyroid Association guidelines.
Introduction
The lesions, which are referred to as "incidentaloma" are small and clinically nonpalpable and are incidentally discovered on ultrasonography. During the past decade, with the use of improved technology, the discovery of subclinical nodules in thyroid, pituitary and adrenal gland has increased [1, 2] . The thyroid incidentalomas are nodules, usually less than 10 mm in diameter and not more than 15 mm. The discovey of one or more nodules within an otherwise clinically normal thyroid gland increases concern about malignancy and creates a difficulty in treatment decision making both for clinician and for the patient also. A nodule 15 mm or more in the posteromedial aspect of the gland may be impalpable whereas one of less than 10 mm in the isthmus might be appreciable clinically. Such categorization is useful in decision making regarding management [3] .
Incidentaloma and Microcarcinoma
The term incidentaloma is used when an undiagnosed nodule is discovered and, if a malignancy is subsequently identified then the term microcarcinoma is used. Microcarcinomas are occult carcinomas and are small, < 0.5 cm in diameter, papillary in type and shows benign behavior [4] . iodine deficiency and this risk further increases following exposure to external radiation [7] . Various studies have been conducted so far and has been proposed that most patients with an occult cancer were in the fourth to seventh decade of life: where as no significant difference was seen in prevalence between the two sexes [10] . Sampson and colleagues compared the prevalence of thyroid cancer in Minnisota with that in Japan and found that the differences in age, sex, and exposure to radiation did not influence their prevalence. In another study by Hanson et al., it was proposed that the exposure of upper body to radiation increases the risk for malignancy in thyroid gland [11] . Other studies have shown the overall incidence of malignancy in irradiated glands to be as high as 32% to 57% [12] . 5%-10% of thyroid nodules undergo malignant tansformation depending on age, gender, history of radiation exposure and a family history of cancer [13] . A positive dose of low dose radiotherapy (i.e., 6.5-4,000 cGY) causes a 40% risk of thyroid cancer [14] . These results suggest that geographic differences including genetic, social, and cultural factors should be considered when patients are examined for occult cancer, especially because no differences were noted in the prevalence of occult cancer between Japanese persons living in Hiroshima and those living in Haawaii [8] .
Clinical Examination-Is it Reliable?
Because the thyroid gland is superficially located, it is easily palpated. It is still debatable that whether thyroid palpation is best done from the front or from the back of the patient [15] .Nodules that are 1 cm or larger in diameter are palpated when they are fovourably situated . A complete examination should consist of size, shape, and consistency of nodule. A nodule that is located deep within the gland or on the posterior surface is difficult to palpate than that of one located on the anterior surface [12] . It is even more difficult to palpate nodule in patients with short and fat neck. The accuracy of thyroid palpation depends on the experience of the examiner also. Moreover, even with experience and careful technique, phycisians may fail to detect many nodules smaller than 1 cm in diameter [16] . In a study by Brander and colleagues [1] , one half of nodules discovered on ultrasonography had escaped detection on clinical examination; approximately one third of the nodules that had not been detected by palpation were larger than 2 cm in diameter. However, a prominent but normal thyroid gland in a patient with a thin neck may be perceived as an abnormality of the thyroid gland [15] . So, clinical palpation is thus not a precise tool for assessing abnormality of thyroid gland, and its reliability is influenced by the size and location of the nodule, the size and shape of the neck and the experience of the examiner. In their study, Christensen (1985) proposed that the sensitivity of palpation of the thyroid gland in terms of size and nodularity was 38% [17] .
Thyroid Incidentaloma-Benign or Malignant?
Certain clinical features are regarded as highly suspicious of thyroid carcinoma in a patient with an incidentally discovered thyroid nodule or thyroid incidentaloma. These include (1) a nodule discovered in childhood or adolescence [18] , (2) nodule being discovered in a male patient [19] , or (3) a nodule found in those with a history of exposure to radiation or (4) a nodule in a patient having a family history of medullary carcinoma of thyroid. The patients from an iodine-deficient areas are also at higher risk of thyroid malignancy [20] . Hamming et al. rated various clinical factors as having high, moderate, or low clinical suspicion for thyroid cancer, and showed that patients with one clinical factor with high suspicion for thyroid cancer had a 71% incidence of cancer in the nodule, where as those with a low suspicion led to a 100% chance of cancer [21] . It is an interesting fact that although family history of medullary carcinoma of thyroid, rapid tumor growth, very firm nodule, and even vocal cord paralysis were all factors shown to be associated with a high suspicion of thyroid carcinoma, age less than 20 years, male sex, and head and neck irradiation were not shown to have predictive value [21] . Thyroid carcinoma is relatively uncommon accounting for approximately 1,000 new cases and 300 deaths in England and Wales per year. The main objective while investigating patients with an incidentally detected solitary nodule is to identify the patients with differentiated thyroid carcinoma who requires treatment, and avoding unnecessary investigations and treatment in majority. There are evidences from epidemiological studies (e.g., Framingham cohort) that suggest the likelihood of an incidentaloma to be malignant is very low. Moreover, as the occult malignancy may be discovered in upto 2% of thyroid glands that are normal on palpation, this may be of little clinical relevance [22] .However, tumor <1 cm in size can still metastasize and can cause death [4] .
In an autopsy study of 138 patients with no known thyroid disease, Komorowski and Hansen [23] reported malignant nodules in only 3% of the thyroid glands. In a cases series, proposed by Horlocker and associates [24] , only 14 (2%) incidental thyroid carcinoma were among 689 patients who had neck exploration for parathyroid disease. These included 6 clinically palpable nodules that had a mean diameter of 3 .0 cm and 7 nodules had a mean diameter of 1.0. cm and were identified only on ultrasonography. In addition, 1 patient had an occult carcinoma that was not detected on ultrasonography. The low risk for malignancy was further confirmed by Brander and coworkers, who reported that none of 30 patients were randomly selected for fine-needle aspiration biopsy had thyroid cancer [25] .
How to Evaluate Thyroid Nodules and IncidentalomaWhenever a thyroid nodule is discovered, a complete history and physical examination regarding thyroid gland and adjacent cervical lymph nodes should be obtained. Family history of thyroid carcinoma, or thyroid cancer syndrome (e.g., Cowden' s syndrome, familial polyposis, Carney complex multiple endocrine neoplasia [MEN] 2, Werner syndrome) in a first degree relative, exposure to ionizing radiation in childhood or adolescence and rapid growth and hoarseness [26] . Relevant physical findings suggestive of malignancy include vocal cord paralysis, lateral cervical lymphadenopathy, and fixation of the nodule to surrounding tissues.
Investigations
Thyroid gland nodules are investigated in order as follows:
A. Biochemical markers-1. Serum TSH with ultrasound (US) and with or without scan-If the serum TSH is subnormal, a radionuclide thyroid scan should be obtained to document whether the nodule is hyperfunctioning (i.e., tracer uptake is greater than the surrounding normal thyroid), isofunctioning or "warm" (i.e., tracer uptake is equal to the surrounding thyroid), or nonfunctioning (i.e., has uptake less than the surrounding thyroid tissue). Since hyperfunctioning nodules rarely harbor malignancy, if it is found that corresponds to the nodule in question, no further cytological evaluation is necessary. If overt or subclinical hyperthyroidism is present, additional evaluation is required. Higher serum TSH, even within the upper part of the reference range, is associated with increased risk of malignancy in a thyroid nodule [27] .
2. Serum Tg-Serum thyroglobulin may be raised in variety of thyroid disorders, so it's not specific for thyroid incidentaloma and hence routine estimation is not recommended [28] .
3. Serum calcitonin-The utility of serum calcitonin has been evaluated in a series of prospective, nonrandomized studies [29] . The data suggest that the use of routine serum calcitonin for screening may detect Ccell hyperplasia and medullary thyroid cancer at an earlier stage and overall survival may be improved. However, most studies rely on pentagastrin stimulation testing to increase specificity. A recent cost-effectiveness analysis suggested that calcitonin screening would be cost-effective in the United States [30] . If the serum calcitonin determination is obtained and the level is greater than 100 pg/mL, medullary cancer is likely present [31] . B. Fine-needle aspiration cytology (FNAC)-FNA is the most accurate and cost-effective method for evaluating thyroid nodules. Retrospective studies have reported lower rates of both nondiagnostic and falsenegative cytology specimens from FNA procedures performed via ultrasound (US) guidance compared to palpation [32] .Therefore, for nodules with a higher likelihood of either a nondiagnostic cytology (>25-50% cystic component) [33] or sampling error (difficult to palpate or posteriorly located nodules), US-guided FNA is preferred. If the diagnostic US confirms the presence of a predominantly solid nodule corresponding to what is palpated, the FNA may be performed via palpation or US guidance. Traditionally, FNA biopsy results are divided into four categories:(i) nondiagnostic, (ii) malignant (risk of malignancy at surgery >95%), (iii) indeterminate or suspicious for neoplasm, and (iv) benign. The recent National Cancer Institute Thyroid Fine-Needle Aspiration State of the Science Conference proposed a more expanded classification for FNA cytology that adds two additional categories: suspicious for malignancy (risk of malignancy 50-75%) and follicular lesion of undetermined significance (risk of malignancy 5-10%). The conference further recommended that "neoplasm, either follicular or Hurthle cell neoplasm" be substituted for "indeterminate" (risk of malignancy 15-25%) [34] . Routine FNA is not recommended for subcentimeter nodules. However, the presence of a solid hypoechoic nodule with microcalcifications is highly suggestive of PTC. Although most micropapillary carcinomas may be incidental findings, a subset may be more clinically relevant, especially those >5 mm in diameter [35] .These include nodules that have abnormal lymph nodes detected clinically or with imaging at presentation [36] . Therefore, after imaging a subcentimeter nodule with a suspicious appearance, sonographic assessment of lateral neck and central neck lymph nodes (more limited due to the presence of the thyroid) must be performed. Detection of abnormal lymph nodes should lead to FNA of the lymph node. Other groups of patients for whom consideration of FNA of a sub- (i) Ultrasonogphy for FNA Decision Making Various sonographic characteristics of a thyroid nodule have been associated with a higher likelihood of malignancy [40] . These include nodule hypoechogenicity compared to the normal thyroid parenchyma, increased intranodular vascularity, irregular infiltrative margins, the presence of microcalcifications, an absent halo, and a shape taller than the width measured in the transverse dimension. With the exception of suspicious cervical lymphadenopathy, no single sonographic feature or combinations of features is adequately sensitive or specific to identify all malignant nodules. However, certain features and combination of features have high predictive value for malignancy. Furthermore, the most common sonographic appearances of papillary and follicular thyroid cancer differ. A PTC is generally solid or predominantly solid and hypoechoic, often with infiltrative irregular margins and increased nodular vascularity. Microcalcifications, if present, are highly specific for PTC, but may be difficult to distinguish from colloid. Conversely, follicular cancer is more often iso-to hyperechoic and has a thick and irregular halo, but does not have microcalcifications [41] . Follicular cancers that are <2 cm in diameter have not been shown to be associated with metastatic disease [42] . Certain sonographic appearances may also be highly predictive of a benign nodule. A pure cystic nodule, although rare (<2% of all nodules), is unlikely to be malignant [43] . In addition, a spongiform appearance (an aggregation of multiple microcystic components in more than 50% of the nodule volume) is 99.7% specific for identification of a benign thyroid nodule. In a recent study, a spongiform appearance had a negative predictive value for malignancy of 98.5% [44] . Elastography is an emerging and promising sonographic technique that requires additional validation with prospective studies [45] . (ii) 18 F-FDG PET FDG PET is increasingly used in the diagnostic workup and follow-up of patients Whole-body 18 F-FDG PET is a noninvasive method and plays an important role in the evaluation for metastases in patients with various kinds of malignancies [47] . Thyroid incidentalomas with focal increased FDG uptake were found in 1.2-4.3% of patients or healthy subjects on PET examination in several studies [48, 49] . Some reports indicate that focal thyroid incidentalomas found on FDG PET have a high prevalence of thyroid malignancy [50] . Although thyroid nodules are commonly detected incidentally during CT or MRI of the head and neck, as well as of the chest, the differentiation of benign from malignant lesions is impossible using these techniques unless invasion into adjacent structures is seen [51] . Thyroid incidentalomas with focal increased FDG uptake were found in 1.2-4.3% of patients or healthy subjects on PET examinations according to several studies [48, 49] . Although several authors have reported that FDG accumulation may vary in the normal thyroid gland and that diffuse or focal moderate to intense FDG activity in the thyroid gland may be normal [52] . Recent studies have shown that focal thyroid incidentalomas with uptake on FDG PET have a high prevalence of thyroid malignancy [49] .
Management of Thyroid Nodules in Special Conditions-1. Children-Thyroid nodules occur less frequently in children than in adults. In a study conducted in United
States where 5,000 children between 11 and 18 years were included, palpable thyroid nodules occurred in approximately 20 per 1,000 children, with an annual incidence of seven new cases per 1,000 children [53] .
Other studies have shown the frequency of malignancy to be higher in children than adults, in the range of 15-20%. FNA biopsy is sensitive and specific in the diagnosis of childhood thyroid nodules [54] . 2. Pregnancy-It is uncertain if thyroid nodules discovered in pregnant women are more likely to be malignant than those found in nonpregnant women [55] , since there are no population-based studies on this question. The evaluation is the same as for a nonpregnant patient, with the exception that a radionuclide scan is contraindicated. In addition, for patients with nodules diagnosed as differentiated thyroid carcinoma(DTC) by FNA during pregnancy, delaying surgery until after delivery does not affect outcome [56] . If the FNA cytology is consistent with papillary thyroid carcinoma (PTC), surgery is recommended. However, there is no consensus about whether surgery should be performed during pregnancy or after delivery. To minimize the risk of miscarriage, surgery during pregnancy should be done in the second trimester before 24 weeks gestation [57] . However, PTC discovered during pregnancy does not behave more aggressively than that diagnosed in a similar-aged group of nonpregnant women. A retrospective study of pregnant women with DTC found there to be no difference in either recurrence, or survival rates, between women operated on during or after their pregnancy [56] .A recent study reported a higher rate of complications in pregnant women undergoing thyroid surgery compared with nonpregnant women [58] . Some experts recommend thyroid hormone suppression therapy for pregnant women with FNA suspicious for or diagnostic of PTC, if surgery is deferred until the postpartum period [59] .
In 1996, the American Thyroid Association (ATA) published guidelines to evaluate thyroid nodules [60] 
Outcome of Thyroid Incidentaloma
It is known that most asymptomatic thyroid nodules are benign lesions. Kuma and associates examined the long term outcome of benign thyroid nodules that were untreated. Among 134 patients with cytologically benign thyroid nodules who were followed for 9 to 11 years, most nodules remained benign [61] . Only 1 patient (0.7%) had a nodule that had been considered benign but that increased in size during follow-up; after surgical excision, this nodule was shown to be a papillary carcinoma. This clearly shows that benign thyroid nodules remain benign for a long time. Therefore, we speculate that the long-term course and final outcome of thyroid incidentalomas and palpable benign nodules would be similar if these conditions were left untreated.
Long-Term Follow-up ProtocolThyroid nodules diagnosed as benign require follow-up because of a low, but not negligible, false-negative rate of up to 5% with FNA [62] , which may be even higher with nodules >4 cm [63] . While benign nodules may decrease in size, they often increase in size [64] . One study of cytologically benign thyroid nodules <2 cm followed by ultrasonography for about 38 months found that the rate of thyroid nodule growth did not distinguish between benign and malignant nodules [65] . Nodule growth is not in and of itself pathognomonic of malignancy, but growth is an indication for repeat biopsy. For mixed cystic-solid nodules, the indication for repeat biopsy should be based upon growth of the solid component. For nodules with benign cytologic results, recent series report a higher falsenegative rate with palpation FNA (1-3%) than with US FNA (0.6%) [32] . Since the accuracy of physical examination for nodule size is likely inferior to that of US [16] , it is recommended that serial US be used in follow-up of thyroid nodules to detect clinically significant changes in size. There is no consensus on the definition of nodule growth, however, or the threshold that would require re-biopsy. Some groups suggest a 15% increase in nodule volume, while others recommend measuring a change in the mean nodule diameter [64] .Another definition of growth is a 20% increase in nodule diameter with a minimum increase in two or more dimensions of at least 2 mm. This approximates the 50% increase in nodule volume and to be the minimally significantly recorded change in nodule size that was found by Brauer et al. [66] . A 50% cutoff for nodule volume reduction or growth, which is used in many studies, appears to appropriate and safe, since the false-negative rate for malignant thyroid nodules on repeat FNA is low [67] .
Conclusion-
In most patients with nonpalpable thyroid lesions, the risk for clinically malignant disease is low. Moreover, occult I may be considered. If an autonomously functionining nodule is not seen, lobectomy or total thyroidectomy should be considered C (ii) as suspicious for papillary/hurthle cell carcinoma, a radionuclide scan is not considered and either lobectomy or total thyroidectomy is recommended, depending on the size of the lesion, and other risk factors A (iii) as benign, further immediate diagnostic studies or treatment are not routinely required A In the presence of two or more thyroid nodules (i)>1 cm and those with the suspicious sonographic appearance, aspiration should be considered B (ii) if none of the nodules has a suspicious sonographic appearance and multiple sonographically similar coalescent nodules with no intervening normal parenchyma are present, it is reasonable to aspirate the largest nodules only and observe the others with serial ultrasound examinations C If serum TSH is low or low-normal technetium 99mTc pertechnetate or 123 I-scan should be done and it needs to be compared to the US images to determine functionality of each nodule >1-1.5 cm. FNA should then be considered only for those isofunctioning or nonfunctioning nodules, among which those with suspicious sonographic features should be aspirated preferentially B All benign thyroid nodules needs to be followed with serial ultrasound examinations for 6-18 months after the initial FNA-(i) If nodule size is stable (i.e., no more than a 50% change in volume or <20% increase in at least two nodule dimensions in solid nodules or in the solid portion of mixed cystic-solid nodules), the interval before the next follow-up clinical examination or ultrasound may be longer, e.g., every 3-5 years C (ii) If there is evidence for nodule growth either by palpation or sonographically (more than a 50% change in volume or a 20% increase in at least two nodule dimensions with a minimal increase of 2 mm in solid nodules or in the solid portion of mixed cystic-solid nodules), the FNA should be repeated, preferably with US guidance B Recurrent cystic thyroid nodules with benign cytology should be considered for surgical removal or per-cutaneous ethanol injection depending on pressure symptoms and cosmetic reasons B Routine suppression therapy of benign thyroid nodules in iodine sufficient populations is not recommended F Patients with growing benign nodules even after repeat biopsy should be considered for continued monitoring or intervention with surgery based on symptoms and clinical examination I
CHILDREN-
The diagnostic and therapeutic approach to one or more thyroid nodules in a child should be the same as it would be in an adult A PREGNANCY-(i) For euthyroid and hypothyroid pregnant women with thyroid nodules, FNA should be done. If TSH is suppressed, FNA may be deferred until after pregnancy and cessation of lactation, when a radionuclide scan can be performed to evaluate nodule function.
A
(ii) If cytology reports suggests PTC early in pregnancy, it should be monitored sonographically and if it grows substantially (as defined above) by 24 weeks gestation, surgery should be performed at that point. However, if it remains stable by midgestation or if it is diagnosed in the second half of pregnancy, surgery may be performed after delivery. In patients with more advanced disease, surgery in the second trimester is reasonable. C (iii) In pregnant women with FNA that is suspicious or diagnostic of PTC, administration of levothyroxine should be considered to keep the TSH in the range of 0.1-1 mU=L C papillary tumors that are smaller than 1.5 cm in diameter grow slowly, and patients with such tumors have an excellent prognosis. It does not seem necessary, or costeffective to do a biopsy on or to surgically excise all nonpalpable nodulesor incidentalomas. The recommendedtreatment strategy is to observe incidentalomas that are smaller than 1.5 cm in diameter in patients who have a low risk for thyroid cancer. On the other hand, because nonpalpable papillary thyroid cancer is sometimes associated with local or even distant metastases, the incidentaloma cannot be dismissed as unimportant and careful follow-up is necessary. In patients who have nodules larger than 1.5 cm in diameter, a history of head or neck irradiation in childhood or in adulthood, a strong family history of thyroid cancer, or ultrasonographic findings that suggest malignancy, the next appropriate step is ultrasonographically guided biopsy. Treatment should then be determined on the basis of the cytologic diagnosis. Thyroxine suppressive therapy is not recommended for either a cytologically proven benign nodule that is larger than 1.5 cm in diameter or a benign-appearing nodule that is smaller than 1.5 cm in diameter detected ultrasonographically. Therefore, most nonpalpable nodules do not require immediate treatment and should be followed up simply with palpation. Biopsy should be done if and when the nodules become palpable. During follow-up, costly imaging with ultrasonography or radioisotope scanning is rarely indicated.
